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Introduction
It has been estimated that the growing of rice occupies one-third of the world’s total culti-
vatable land area devoted to cereal crops. As a food stable supply, rice is considered to be the sin-
gle most important food crop for more than one-half of the world’s population, most of who live
in developing countries. The importance of rice can be appreciated when one considers that this
cereal crop alone provides 35-60% of the total daily calories consumed by approximately 2.7 bil-
lion people. Because of the steady increase in world population growth it is obvious that we need
to maximize our efforts to increase future rice production.
Rice plants respond to conditions of drought, salt or cold stress through a number of physi-
ological and developmental changes. In response to drought stress, many gene products such as
late embryogenesis abundant (LEA) proteins (Moons et al., 1995), the enzymes betaine aldehyde
dehydrogenase (Ishitani et al., 1995) and 1-pyrroline-5 carboxylate synthetase (Yoshiba et al.,
1995) are known to be induced.
It has been demonstrated that ABA was produced under such environmental stresses. This
plant hormone plays an important role in the ability of plants to tolerate conditions of drought.
Furthermore it has been shown that exogenous application of ABA directly induces many stress
The effect of abscisic acid (ABA) on polypeptide accumulation in seedlings of drought tolerant up-
land Indica rice, IET 1444, was examined. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electropho-
resis (PAGE) profiles of root proteins distinctly showed a major 26 kDa polypeptide band which was pre-
sent only in the ABA treated plants when compared to the control. The extracted root proteins were also
analyzed using 2-dimensional electrophoresis (2-D). At least 14 ABA-induced polypeptide spots were
found with molecular weights between 19.0 to 93.5 kDa. Again, the most prominent spot was seen in the
26 kDa region. The hypothesis that the major 26 kDa polypeptide and related minor polypeptides in-
duced in response to ABA have the potential to be expressed in response to environmental stresses such
as drought, was discussed.
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responsive gene products (Bray, 1988; Rouse et al., 1996; Gupta et al., 1998).
The root is an organ responsible for water uptake and mineral absorption and is in direct
contact with the stress environment. As a model of the stress response, the changes in gene ex-
pression in roots of many plants have been studied (Hurkman et al., 1988; Moons et al., 1995). In
view of these and to study the role of ABA in drought tolerance, we examined the effects of exter-
nally applied ABA on the accumulation of polypeptides in drought tolerant Indica rice, especially
in the roots.
Materials and Methods
The basic experimental approach was as follows. Rice seeds (Oryza sativa , var. IET 1444.
Upland) were dehusked, sterilized with 70% ethanol for 1 min., 2.8% sodium hypochlorite (v/v)
solution containing 0.2% Tween 20 for 30 min. and rinsed well with sterilized water. The seeds
were sown in vitro on half strength N6 medium (Chu et al., 1975) containing 2% sucrose and
0.3% Gelrite, pH 4.5. All jars were placed at 25±1°C under a photo-period 16 h light (100 µmol
photons・m－2・sec－1) and 8 h dark. After 14 days, the seedlings were transferred to liquid 1/2 N6
medium with or without 100 µM ABA for 24 h at the above conditions. The roots of both ABA-
treated and -untreated (control) seedlings were harvested, immediately frozen and stored at -80°C
for later use.
The proteins were extracted with phenol as described by Hurkman and Tanaka (1986). The
protein pellets were air dried and dissolved in SDS-PAGE sample buffer (Leammli, 1971).
SDS-PAGE was performed using a 15% (w/v) polyacrylamide resolving gel (Laemmli,
1971) using a MINI-PROTEAN II apparatus (Bio-Rad, Hercules, CA, USA). Electrophoresis
was carried out under constant current of 15 mA per gel until the bromophenol blue marker
reached the bottom of the gel. The proteins were stained with 0.2% Coomassie Brilliant Blue
R250 for 1 h followed by several cycles of destaining with 15% methanol, 7.5% acetic acid.
For isoelectric focusing (IEF), the protein samples were prepared as follows. The protein
pellets were dissolved in 8M urea and 2% Bio-Lyte (pH 3-10; Bio-Rad) and centrifuged at 10,000
xg for 2 minutes to remove unsolubilized materials. 2-D was performed according to O’Farrell
(1975) with the following minor modifications. In the first dimension, IEF was performed in rod
tubes with 1.5 mm inner diameter and containing a final concentration of 2% Bio-Lyte (pH 3-10).
IEF was carried out for 1 h at 100 V, 12 h at 300 V and 1 h at 500 V. For the second dimension, a
15% polyacrylamide resolving gel was used under a constant current of 30 mA per gel.
Results and Discussion
It is generally believed that ABA mediates the general adaptive responses of plant to drought
by inducing many water stress-related genes and their products. In initial experiments we looked
for the expression of ABA-induced proteins in rice roots by SDS-PAGE. The application of ABA
to the rice seedlings induced an approximately 26 kDa polypeptide band which was absent from
the ABA minus control (Fig. 1). It has been demonstrated that changes in protein expression to
conditions such as heat shock and salt stress can be easily detected by SDS-PAGE (Ramagopal,
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1987; Goday et al., 1988; Wu et al., 1988).
In study of salt stress, Hurkman et al. (1988) observed that normal SDS-PAGE was unable to
detect changes in the synthesis of unique barley root polypeptides. Only when analyzed on a 2-D
gel system where they able to observe several important, but subtle changes in polypeptide pat-
terns in the plant. Based on similar reasoning, we extend our study to include 2-D gel analysis.
As shown in Fig. 2, we were able to resolve at least 28 different polypeptides that were differen-
tially expressed in control and ABA-treated plants. The molecular weights for at least 14
polypeptide spots, that were more abundant in ABA-treated roots, ranged from 19.0 to 93.5 kDa
(Table 1). The most prominent increase was seen on a polypeptide of 26 kDa.
The accumulation of the 26 kDa polypeptide under the experimental conditions appears to
have physiological importance. Under conditions of water deficit or salt, the induction of a 26
kDa polypeptide have been reported in several other plant species including tomato (King et al.,
1988), rice (Rani and Reddy, 1994) and barley (Ramagopal, 1987; Hurkman et al., 1988). A
similar polypeptide has been shown to be synthesized in rice plants under conditions of drought
stress with polyethyleneglycol (Perex-Molphe-Balch et al., 1996).
Singh et al. (1985) coined term osmotin for a 26 kDa polypeptide that was synthesized and
accumulated in tobacco cells undergoing osomtic stress. Although the molecular weight of os-
motin was same our 26 kDa polypeptide (pI 7.32), the pI was 10. Takeda et al. (1990) reported
Fig. 1 Polypeptide patterns by SDS-PAGE from control
(A) and 100µM ABA treated (B) seedlings. Pro-
teins were extracted from the roots of rice cv. IET
1444. The extracted proteins (20µg) were loaded
to each lane. SDS-PAGE was performed as de-
scribed in materials and methods, and polypeptide
bands were visualized by Coomassie Brilliant Blue
stain. An arrow indicates the position of 26 kDa.
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that some isoforms of osmotin were presented in tobacco cells and these pI were 7.0 to 7.5. It is
also known that the osmotin gene product is related to the stress response (Zhu et al., 1995; Rag-
hothama et al., 1997). However, osmotin is not the only stress induced protein that has been de-
scribed. Other osmotic stress induced proteins include the LEA protein groups. For example,
Moons et al. (1995) have demonstrated that ABA can induce at least two sets of LEA proteins in
salt-tolerant rice roots. One is related to dehydrins (24 kDa) the other is related group 3 family of
proteins (26 kDa). In addition, they also suggested that these protein families are induced in re-
sponse to salt stress. The dehydrin’s pI was 7.2 (Herzer et al. 2003), but molecular weight was 24
kDa. Therefore, our 26 kDa polypeptide seems to be different from osmotin and dehydrin.
In conclusion, the exogenous application of ABA to rice plants was found to induce the ac-
Fig. 2 Analysis of polypeptide patterns by 2-D from control (A) and 100 µM ABA treated (B) seedlings. Pro-
teins were extracted from the roots of rice cv. IET 1444. The extracted proteins (150µg) were subjected to
2-D. An arrow indicates the position of ABA-induced 26 kDa spot (in panel B).
Table 1 Properties of polypeptides induced with 100 µM
abscisic acid.
No. of
polypeptide
Molecular
weight (kDa)
PI
1 93.5 6.53
2 82.0 7.12
3 80.0 6.20
4 55.0 6.83
5 50.0 7.24
6 45.0 6.52
7 44.0 6.60
8 35.5 6.64
9 31.0 6.83
10 26.0 7.32
11 23.0 5.90
12 21.0 6.04
13 20.0 7.00
14 19.0 6.24
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cumulation of a major 26 kDa polypeptide. This application found to mimic conditions of natural
environmental stress. However, it remains to be seen whether the 26 kDa polypeptide is indeed
an osmotin-like or LEA-like protein. In addition, we would like to better understand the role of
the other 13 plus protein products that we have identified on drought tolerance in rice. The study
of drought tolerance in rice will hopefully reveal new genes and their products which are induced
in response to water deficit. The biotechnological applications will be an existing area for future
research.
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乾燥耐性イネにおける ABAで誘導されるポリペプチドの蓄積
乾燥耐性を有するインディカ種のイネ（IET１４４４）実生におけるポリペプチドの蓄積に対
するアブシジン酸（ABA）の効果を調べた．根からの蛋白質の SDS-PAGEの結果は，対照で
は見られず ABA処理でのみ出現する２６ kDaの主要なポリペプチドの存在を明らかにした．根
から抽出した蛋白質を二次元電気泳動で分析した．１９から９３．５ kDaの分子量の少なくとも１４
種のポリペプチドが ABA処理で出現した．最も明確なスポットは２６ kDa付近にあった．ABA
によって誘導される主要な２６ kDaのポリペプチドと関連するポリペプチドが乾燥のような環
境ストレスに応答して発現するのではないかという仮説について論議した．
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